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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide a semiconductor device in which the 
thickness of a gate oxide film does not generate a thickness difference on side 
faces and the bottom face of a groove when the gate oxide fiim is formed on the 
bottom face and the side faces of the groove, and in which oxidation of a 
ftrst-conductiv if y-sype semiconductor substrate is suppressed. 

SOLUTION: The semiconductor device comprises a MOSFET in which the groove is 
formed on the first-conductivity semiconductor substrate I, in which a gate 
electrode 6 is buried at the inside of the groove via an insulating film, and 
in which a second-conductivity source diffusion layer 7 and a second- 
conductivity drain diffusion layer 8 are formed on both sides of the groove 
with the buried gate electrode 6. The insulation film formed at the inside of 
the groove is constituted by laminating a first gate oxide film 4 and a second 
gate oxide film 5 in this order. 
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* NOTICES * 

JPG and INPIT are not responsible for any 
damages caused by the use of this translation, 

LThis document has been translated by computer. So the translation may not reflect the 
original precisely, 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the InventionjEspecially this invention relates to a semiconductor device with which 
the gate electrode is embedded in the slot provided on the semiconductor substrate, and a 
manufacturing method for the same about a semiconductor device and a manufacturing 
method for the same. 
[0002] 

[Description of the Prior Art] In the integrated circuit, in order to attain high integration, various 
art for reducing the occupation area of the MOS transistor and bipolar transistor to a 
semiconductor substrate is proposed. For example, by embedding a gate electrode in 
MOSFET in the slot formed on the semiconductor substrate, The composition which inhibited 
the short channel effect is indicated by JP.50-8483.A by reducing the occupation area to the 
semiconductor substrate of MOSFET, lengthening the length of a gate region effectually and 
lengthening a channel section further. In the composition of this gazette, the 1st gate oxide is 
formed by forming a slot on a semiconductor substrate and oxidizing the inner surface of that 
slot thermally. 

[QQ03]Drawin g 5 (a) - (g) is a sectional view showing each process in the manufacturing 
method of the semiconductor device indicated by JP, 50-8483, A, respectively. 
[0004]First, as shown in drawing 5 (a), after laminating the silicon oxide 32 and the silicon 
nitride film 33 in order on the 1st conductivity-type silicon semiconductor substrate 31, 
respectively, Photoresist is applied on the silicon nitride film 33, and photoresist is patterned so 
that the opening of the field which forms a ditch type gate electrode on the 1st conductivity- 
type silicon semiconductor substrate 31 by photo lithography may be carried out. Then, by 
etching, the silicon nitride film 33 of the field which forms a ditch type gate electrode, and the 
silicon oxide 32 are removed in order, and the surface of the 1st conductivity-type silicon 
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semiconductor substrate 31 is exposed. 

[00Q5]Next, as shown in drawin g 5 (b), the surface of the exposed 1st conductivity-type silicon 
semiconductor substrate 31 is etched, and a slot is formed. 

[OOOBjNext, as shown in drawing 5 (c), heat the 1st conductivity-type silicon semiconductor 
substrate 31 in which the slot was formed, it is made to react to an oxidation seed, and a 
sacrificing oxide film is formed in the inner surface of a slot. Then, the sacrificing oxide film 
formed on the surface of the slot is removed by immersing the 1st conductivity-type silicon 
semiconductor substrate 31 in which the slot was formed in a fluoric acid (HF) solution. And 
heat again the 1st conductivity-type silicon semiconductor substrate 31 in which the slot was 
formed, it is made to react to an oxidation seed, and the gate oxide 34 is formed on the surface 
of a slot. 

[0Q07]Next, while embedding into a slot the gate electrode 35 which comprises polysilicon so 
that the gate oxide 34 inside a slot may be covered as shown in drawing 5 (d), the gate 
electrode 35 is laminated also on the silicon nitride film 33. 

[0008'jNext, as shown in drawing 5 (e), the gate electrode 35 and the silicon nitride film 33 
which comprise polysilicon on the 1st conductivity-type silicon semiconductor substrate 31 are 
received, Anisotropic dry etching or CMP (ChemicalMechanical Polishing: chemical 
mechanical polishing) is performed, and while removing the gate electrode 35 laminated on the 
silicon nitride film 33, the silicon nitride film 33 is also ground. 

[0009] Next as shown in drawing 5 (f) dry etching removes the polysilicon which constitutes 
the gate electrode 35 of fields other than a slot. 
Then, the silicon nitride film 33 is also removed. 

[0010]Next, the both sides of the slot where the gate electrode 35 which comprises polysilicon 
on the 1st conductivity-type silicon semiconductor substrate 31 was embedded are made to 
diffuse an impurity by an ion implantation from the silicon oxide 32 top, as shown in drawing 5 
(g). Of an ion implantation, the caudad different source diffused layer 36 and the drain diffused 
layer 37 of the 2nd conductivity type from the 1st conductivity-type silicon semiconductor 
substrate 31 of the silicon oxide 32 are formed in the both sides of the slot on the 1st 
conductivity-type silicon semiconductor substrate 31, respectively. 

[001 1]There is art which makes small area which one MOSFET on a semiconductor substrate 
occupies by sharing either one of [ adjoining ] the source electrode of MOSFET, or a drain 
electrode as other examples using the ditch type gate electrode embedded at the 
semiconductor substrate. 

[001 2] Drawing 6 (a) - (f) is a sectional view showing each process in the manufacturing 

method of the semiconductor device in which such an example is shown. 

[0013]First, as shown in drawing 6 (a), the 2nd gate electrode 43 and the etching mask 
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material 44 which comprise the 2nd gate oxide 42 that constitutes the 2nd MOSFET, and 
polysillcon on the 1st conductivity-type silicon semiconductor substrate 41 were laminated in 
order. After that, photoresist is applied on the etching mask material 44, and photoresist is 
patterned so that the opening of the field which forms a ditch type gate electrode on the 1st 
conductivity-type silicon semiconductor substrate 41 by photo lithography may be carried out. 
And by using patterned photoresist as a mask, by etching, the etching mask material 44, the 
2nd gate electrode 43, and the 2nd gate oxide 42 are removed in order, and the surface of the 
1st conductivity-type silicon semiconductor substrate 41 is exposed. 

[0014]Next, as shown in drawing 6 (b), the field which the surface of the 1st conductivity-type 
silicon semiconductor substrate 41 exposed is etched, to the 2nd gate electrode 43, a mask 
alignment is not performed but a slot is formed in self align. 

[0015]Next, as shown in drawing 6 (c), the 1st gate oxide 45 that constitutes the 1st MOSFET 
by the same method explained in drawing 5 (c) in the inner surface of the slot formed in the 1st 
conductivity-type silicon semiconductor substrate 41 is formed. 

[0016]Next, while embedding into a slot the 1st gate electrode 46 that comprises polysilicon so 
that the 1st gate oxide 45 inside a slot may be covered as shown in drawi ng 6 (d), the 1st gate 
electrode 46 is laminated also on the etching mask material 44. 

[001 7jNext, as shown in drawing 6 (e), dry etching removes the polysilicon which constitutes 
the 1st gate electrode 46 of fields other than a slot. At this time, the 1st gate electrode 46 
embedded in the slot is removed from the opening of a slot by predetermined Mr. Fukashi. 
Then, to each side attachment wall which counters mutual [ from which the 1st gate electrode 
46 of the slot was removed ], as an arrow shows, the ion implantation of the impurity is carried 
out from the slanting upper part, 

[001 8] By this, as shown in drawing 6 (f), a slot inner surface to each field which counters 
mutual [ in the 1st conductivity-type silicon semiconductor substrate 41 in the outside of the 1st 
gate oxide 45 of a wrap ]. The drain diffused layer 49 and the source diffused layer 50 of the 
2nd conductivity type from which a conductivity type differs are formed in the 1st conductivity- 
type silicon semiconductor substrate 41 , respectively. The 2nd gate oxide 42, the 2nd gate 
electrode 43, and the etching mask material 44 of both sides of a slot carry out the ion 
implantation of the impurity to the pan of the field laminated in order to each outside field, 
respectively. Thereby, the drain diffused layer 48 of the 2nd conductivity type with which 
conductivity types differ, and the source diffused layer 47 are formed in the both sides of the 
laminating region of the 2nd gate oxide 42, the 2nd gate electrode 43, and the etching mask 
material 44 in the 1st conductivity-type silicon semiconductor substrate 41, respectively. In 
drawing 6 (e), in order to carry out the ion implantation of the impurity, polysilicon is embedded 
into the portion removed from the opening of the 1st gate electrode 46 fang-furrow part by 
predetermined Mr. Fukashi, and it is formed to near the opening of a 1st gate electrode 46 
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fang-furrow part. 

[0019]thereby - the 2nd MOSFET - the drain diffused layer 48 of the 2nd conductivity type, 
the 2nd gate electrode 43, and the source diffused layer 50 of the 2nd conductivity type - and, 
It comprises the source diffused layer 47 of the drain diffused layer 49 of the 2nd conductivity 
type, the 2nd gate electrode 43, and the 2nd conductivity type, and the 1st MOSFET 
comprises the source diffused layer 50 of the drain diffused layer 49 of the 2nd conductivity 
type, the 1st gate electrode 46, and the 2nd conductivity type. And the 2nd MOSFET that 
comprises the source diffused layer 50 of the drain diffused layer 48 of the 2nd conductivity 
type, the 2nd gate electrode 43, and the 2nd conductivity type and the 1st MOSFET, The 
source diffused layer 50 of the 2nd conductivity type is shared, and, as for the 2nd MOSFET 
that comprises the source diffused layer 47 of the drain diffused layer 49 of the 2nd 
conductivity type, the 2nd gate electrode 43, and the 2nd conductivity type, and the 1st 
MOSFET, the drain diffused layer 49 of the 2nd conductivity type is shared. 
[0020]Thus, in the drain diffused layer 49 and the source diffused layer 50 of the 2nd 
conductivity type which are the fields (electrode) shared, since it is connected, the 1st 
MOSFET and the 2nd MOSFET become advantageous to minuteness making, when forming 
many memory cells etc. on a semiconductor substrate. 
[0021] 

[Problem(s) to be Solved by the lnvention]However, in the 1st conventional example shown in 
drawing 5 (g). When the plane direction of the surface of the 1st conductivity-type silicon 
semiconductor substrate 31 used is controlled by the field (100), the plane direction of the side 
of the slot formed by etching from the surface of the 1st conductivity-type silicon 
semiconductor substrate 31 is close to the plane direction of a field (110). In for this reason, 
the state with the plane direction of the side of a slot near the plane direction of a field (110). 
When the gate oxide 34 is formed in the bottom and each side of a slot using a thermal 
oxidation method, although the thickness of the gate oxide 34 formed in the bottom of a slot 
and the thickness of the gate oxide 34 formed in the side of a slot depend also on film 
formation conditions (an oxidizing atmosphere, oxidizing temperature, etc.), the difference of 
30 to 1 00% of thickness produces them. Thus, as a reason which a difference produces in the 
thickness of the gate oxide 34 formed in the bottom and the side of a slot, it is because the 
oxidizing rate of an oxidizing film has a dependency to the plane direction of the 1st 
conductivity-type silicon semiconductor substrate 31 surface, It is known that it is what is 
depended on the difference of the surface density of the silicon atom on the plane direction of 
the 1st conductivity-type silicon semiconductor substrate 31 surface that the oxidizing rate of 
an oxidizing film has a dependency to the plane direction of the 1st conductivity-type silicon 
semiconductor substrate 31 surface. 

[0022] If a film formation condition is controlled so that the gate oxide 34 formed in the bottom 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi ejje?atw_u=htrp 6/22/2009 



JP,2003-069010,A [DETAILED DESCRIPTION] 



Page 5 of 14 



of a slot becomes predetermined thickness, The thickness of the gate oxide formed in the side 
of a slot increases to 130 to 200% to the thickness of the gate oxide formed in the bottom of a 
slot, and there is a problem that the drive characteristic of MOSFET which uses the portions of 
the side of a slot and the bottom as a channel gets worse. 

[0023]inside the slot which did not perform a mask alignment on the surface of the planate 1st 
conductivity-type silicon semiconductor substrate 41 to the 2nd gate electrode 43 of the 2nd 
MOSFET formed previously, but was formed in it in self align in the 2nd conventional example 
shown in drawing 8 (f), The 1st gate oxide 45 is formed by thermal oxidation, and the 1st 
MOSFET is formed by embedding the 1st gate electrode 48 on it. in this case, as shown in 
drawing 8 (c), when forming the 1st gate oxide 45 in a slot, The 1st gate oxide 45 will oxidize 
the 1st conductivity-type silicon semiconductor substrate 41 close to the slot of the lower part 
of the 2nd gate oxide 42, and the 2nd gate electrode 43 that comprises polysiiicon close to the 
upper slot of the 2nd gate oxide 42. As a result, there is a possibility that the thickness of the 
2nd gate oxide 42 of the 2nd MOSFET may become thick one by one, and may degrade the 
drive characteristic of the 2nd MOSFET as it approaches the slot side. 
[0024]This invention solves such a technical problem. The thickness of the gate oxide formed 
in the bottom and each side of a slot which were established on the semiconductor substrate 
the purpose, When thickness difference is not produced in the side and the bottom of a slot but 
gate oxide is formed in the inside of a slot, it is in providing a semiconductor device with which 
oxidation of the gate electrode of the outside of a semiconductor substrate and a slot is 
controlled, and a manufacturing method for the same. 

[0025] 

[Means for Solving the ProblemjAs for a semiconductor device of this invention, a slot is 
formed in a position on the 1st conductivity type semiconductor substrate, On both sides of this 
slot where the 1st gate electrode was embedded via an insulator layer to an inner surface of 
this slot, and this 1st gate electrode was embedded inside. A source diffused layer of the 2nd 
conductivity type and a drain diffused layer of the 2nd conductivity type are the semiconductor 
devices which have the 1st MOSFET formed, respectively, the 1st gate oxide and the 2nd gate 
oxide are laminated in order, and an insulator layer formed in an inner surface of this slot is 
constituted. 

[0026]So that either [ at least ] a source diffused layer of the 2nd conductivity type of said 1st 
MOSFET or a drain diffused layer of the 2nd conductivity type may be shared, The 2nd 
MOSFET is provided and this 2nd MOSFET, Open a predetermined interval in the outside of a 
source diffused layer of the 2nd conductivity type, or a drain diffused layer of the 2nd 
conductivity type shared with this 1st MOSFET, and a source diffused layer of the 2nd 
conductivity type or a drain diffused layer of the 2nd conductivity type is formed, The 2nd gate 
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electrode is formed on this 1st conductivity type semiconductor substrate in a field of an 
interval predetermined [ this ], 

[0027]Open a predetermined interval in the outside of said slot where said 1st gate electrode 
of said 1st MOSFET was embedded, and a source diffused layer of the 2nd conductivity type 
and a drain diffused layer of the 2nd conductivity type are formed, respectively, The 2nd gate 
electrode is everywhere formed, respectively on this 1st conductivity type semiconductor 
substrate in a field of an interval of a Saw. 

[0Q28]A film parameter of thickness of said 1st gate oxide and thickness of the 2nd gate oxide 
is about 1:1. 

[0029]Said 1st gate oxide is formed by reaction of materia! gas containing silicon and material 
gas containing oxygen, and the 2nd gate oxide is formed by reaction of an oxidation seed 
supplied from oxidizing atmosphere gas, and a silicon atom supplied from said 1st conductivity 
type semiconductor substrate, 

[0030]A process in which a manufacturing method of a semiconductor device of this invention 
forms a field which establishes a slot in a position on the 1st conductivity type semiconductor 
substrate, A field in which this slot on this 1st conductivity type semiconductor substrate is 
established is etched, A process of forming this slot, and a process of forming the 1st gate 
oxide in an inner surface of this slot, A process of forming the 2nd gate oxide between an inner 
surface of this slot, and this 1st gate oxide, A process of carrying out flattening of this 1st 
conductivity type semiconductor substrate in which this slot was formed after this 1st gate 
oxide and this 2nd gate oxide form a gate electrode in an inside of this slot formed in an inner 
surface, A process of forming a source diffused layer of the 2nd conductivity type and a drain 
diffused layer of the 2nd conductivity type from which this 1st conductivity type semiconductor 
substrate and a conductivity type differ, respectively on this 1st conductivity type 
semiconductor substrate of both sides of this slot is included. 

[0031]Said 1st gate oxide is formed by a CVD method, and said 2nd gate oxide is formed by a 

thermal oxidation method. 

[0032] 

[Embodiment of the lnvention]Hereafter, an embodiment of the invention is described, referring 
to drawings. 

[0033] Drawing 1 ;s a sectional view of the important section of the semiconductor device which 
is a 1 st embodiment of this invention. As for the semiconductor device shown in drawing 1 , the 
slot of the predetermined depth is formed in the position on the 1st conductivity-type silicon 
semiconductor substrate 1 . The 1st gate oxide 4 and the 2nd gate oxide 5 are laminated in 
order by each internal side and bottom of the slot, respectively. On the 1st gate oxide 4, it is 
embedded to near the opening of the gate electrode 6 fang-furrow part which comprises 
polysiiicon. 
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[0034]ln the 1st conductivity-type silicon semiconductor substrate 1 upper part in the both 
sides of a slot. In the 1st conductivity-type silicon semiconductor substrate 1, the drain diffused 
layer 8 of the 2nd conductivity type and the source diffused layer 7 of the 2nd conductivity type 
from which a conductivity type differs are formed, respectively, and the silicon oxide 2 is 
laminated, respectively on the drain diffused layer 8 of the 2nd conductivity type, and the 
source diffused layer 7 of the 2nd conductivity type. 

[0035] Draw i ng 2 (a) - (h) is a sectional view showing each process in the manufacturing 
method of the semiconductor device of a 1st embodiment of this invention. 
[0036]First, as shown in drawing 2 (a), a well layer (not shown) and an isolation region (not 
shown) are formed on the 1st conductivity-type silicon semiconductor substrate 1, After 
laminating the silicon oxide 2 about 5-20 nm thick and the silicon nitride film 3 about 100-200 
nm thick in order, respectively, apply photoresist on the silicon nitride film 3, and by photo 
lithography. Photoresist is patterned so that the opening of the field which forms a ditch type 
gate electrode on the 1st conductivity-type silicon semiconductor substrate 1 may be carried 
out. Then, by etching, the silicon nitride film 3 of the field which forms a ditch type gate 
electrode, and the silicon oxide 2 are removed in order, and the surface of the 1st conductivity- 
type silicon semiconductor substrate 1 is exposed. 

[0037] Next, as shown in drawing 2 (b), the surface of the exposed 1st conductivity-type silicon 
semiconductor substrate 1 is etched, and a 1 00-500-nm-deep slot is formed. 
[0038]Next, as shown in drawing 2 (c), heat the 1st conductivity-type silicon semiconductor 
substrate 1 in which the slot was formed, it is made to react to an oxidation seed, and a 5-30- 
nm-thick sacrificing oxide film is formed in the inside of a slot. As for the thickness of this 
sacrificing oxide film, about 50 nm is desirable. Then, the sacrificing oxide film formed on the 
surface of the slot is thoroughly removed by immersing the 1st conductivity-type silicon 
semiconductor substrate 1 in which the slot was formed in a fluoric acid (HF) solution. Then, in 
[ heat again the 1st conductivity-type silicon semiconductor substrate 1 in which the slot was 
formed, and ] the surface of the 1st conductivity-type silicon semiconductor substrate 1, Gas, 
such as SiCIH 2 containing silicon (Si), and gas, such as N 2 0 containing oxygen, are made to 
react, Or gas, such as SiCIH 2 containing silicon (Si), and fluids, such as H 2 0 2 , are made to 
react, and the 1st gate oxide 4 is formed in the inside of a slot. 

[0039]The 1st gate oxide 4 is obtained from the following reaction formula, for example in a 
high temperature state by the CVD (Chemical Vapor Deposition) method. 

[0040] 

SiCIH 2 +- the thickness of the 1st gate oxide 4 of 2N 2 0 -> Si0 2 +2N +2HCI, When all the 
thickness of the gate oxide formed on the surface of a slot in a manufacturing process is about 
5 nm, it is desirable that it is one half of about 2.5 nm of all the thickness of gate oxide. 
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[0041]Next, by heating the 1st conductivity-type silicon semiconductor substrate 1 in which the 
siot was formed further supplying an oxidation seed from oxidizing atmosphere gas, as shown 
in drawing 2 (d), The silicon (Si) and the oxidation seed of an inner surface of a slot which 
were covered by the 1st gate oxide 4 in the 1st conductivity-type silicon semiconductor 
substrate 1 are made to react, and the 2nd gate oxide 5 is formed in the inner surface of a slot. 
The 2nd gate oxide 5 is formed between the inner surface of a slot, and the 1st gate oxide 4. In 
this case, as for the cooking temperature of the 1st conductivity-type silicon semiconductor 
substrate 1 , it is preferred to use Dry 0 2 for 800 ** - 1 100 **, and an oxidation seed. When all 

the thickness of the gate oxide in which the thickness of the 2nd gate oxide 5 is also formed on 
the surface of a slot in a manufacturing process is about 5 nm, It is one half of about 2.5 nm of 
all the thickness of gate oxide, and it is desirable for the film parameter of the thickness of the 
1 st gate oxide 4 and the thickness of the 2nd gate oxide 5 to be about 1:1. 
[0042] Here, the reason for making almost equal the film parameter of the thickness of the 1st 
gate oxide 4 and the thickness of the 2nd gate oxide 5 is explained. Since it deposits on the 
surface of the 1st conductivity-type silicon semiconductor substrate 1 inside a slot, the 1st gate 
oxide 4 has the comparatively stable situation of membrane formation of an oxide film to the 
plane direction of the surface of the 1st conductivity-type silicon semiconductor substrate 1 , 
and the state of surface roughness, but its associative strength of the oxide film itself may be 
weak. On the other hand, in order that the 2nd gate oxide 5 may deteriorate the silicon surface 
of the 1st conductivity-type silicon semiconductor substrate 1 inside a slot in the presentation 
of an oxide film directly, the associative strength of the oxide film itself is strong, and the 
interfacial characteristic with a silicon substrate is excellent, but. The state of the plane 
direction of the surface of the 1st conductivity-type silicon semiconductor substrate 1 , etc. has 
a tendency for a membrane formation state to be easy to be influenced. For this reason, by 
making thickness of the 1st gate oxide 4, and thickness of the 2nd gate oxide 5 into the almost 
same thickness, and forming the gate oxide 4 and 5 in a siot, While the associative strength of 
the oxide film itseif becomes strong, respectively, as for the gate oxide 4 and 5 of a slot, a 
membrane formation state will be hard to be influenced in the state of the plane direction of the 
surface of a silicon substrate, etc., and thickness difference will stop producing it in each side 
and the bottom of a siot. 

[0043]Thickness of the gate oxide inside the slot of MOSFET manufactured is made the range 
of 1-20 nm by the requirement specification of MOSFET. 

[0044]Next, while embedding the gate electrode 6 which comprises polysilicon to the inside of 
a slot so that the 1st gate oxide 4 inside a siot may be covered as shown in drawi ng 2 (e), the 
gate electrode 8 which comprises polysilicon also on the silicon nitride film 3 is laminated. 
[0045]Next, as shown in drawing 2 (f), the gate electrode 6 and the silicon nitride film 3 which 
comprise polysilicon on the 1st conductivity-type silicon semiconductor substrate 1 are 
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received, Anisotropic dry etching or CMP (Chemical Mechanical Polishing: chemical 
mechanical polishing) is performed, and while removing the gate electrode 6 laminated on the 
silicon nitride film 3, flattening also of the silicon nitride film 3 is ground and carried out. 
[0G48]Here, as for the thickness which the gate electrode 6 embedded in a slot makes deposit, 
when carrying out flattening using anisotropic dry etching, it is desirable that they are 0,8 or 
more times of the maximum of the width of a slot. As for the thickness which the gate electrode 
8 embedded in a slot makes deposit, when carrying out flattening using the CMP method 
(chemical mechanical-polishing method), it is desirable to make it deposit more thickly than the 
maximum of the depth of a slot. 

[0047]Next, as shown in drawing 2 (g), dry etching removes the polysilicon which constitutes 
the gate electrode 8 of fields other than a slot, and the silicon nitride film 3 of the both sides of 
a slot is also removed after that. 

[0048JNext, the both sides of the slot where the gate electrode 6 which comprises polysilicon 
on the 1st conductivity-type silicon semiconductor substrate 1 was embedded are made to 
diffuse an impurity by an ion implantation from the silicon oxide 2 top, as shown in drawing 2 
(h). Thereby, the caudad different source diffused layer 7 and the drain diffused layer 8 of the 
2nd conductivity type from the 1st conductivity-type silicon semiconductor substrate 1 of the 
silicon oxide 2 are formed in the both sides of the slot on the 1st conductivity-type silicon 
semiconductor substrate 1, respectively. The source diffused layer 7 and the drain diffused 
layer 8 of the 2nd conductivity type on the 1st conductivity-type silicon semiconductor 
substrate 1 may be formed before forming a slot in the surface of the 1st conductivity-type 
silicon semiconductor substrate 1. 

[0049]Thereby, MOSFET which has the drain diffused layer 8, the gate electrode 6, the source 
diffused layer 7, the 1st gate oxide 4, and the 2nd gate oxide 5 is formed on the 1st 
conductivity-type silicon semiconductor substrate 1. As for this MOSFET, a good switching 
characteristic is acquired by forming the 1st gate oxide 4 and the 2nd gate oxide 5 of the same 
thickness in each side and the bottom inside Mizobe. 

[0050] Drawing 3 (a) and (b) is a sectional view of the important section of the semiconductor 
device which is a 2nd embodiment of this invention. As for the semiconductor device shown in 
drawing 2 1 (a), the slot is formed in the position on the 1st conductivity-type silicon 
semiconductor substrate 21 in that of the predetermined depth. The 1st gate oxide 25 and the 
2nd gate oxide 26 are laminated in order by each internal side and bottom of the slot. On the 
1st gate oxide 25, it is embedded to near the opening of the 1st gate electrode 27 fang-furrow 
part which comprises polysilicon. 

[0051 ]To each field which counters mutual [ in the 1st conductivity-type silicon semiconductor 
substrate 21 in the outside of the 1st gate oxide 25 of a wrap, and the 2nd gate oxide 26 ], a 
slot inner surface. The drain diffused layer 30a of the 2nd conductivity type and the source 
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diffused layer 30b of the 2nd conductivity type from which a conductivity type differs are 
formed in the 1st conductivity-type silicon semiconductor substrate 21, respectively. The 
source diffused layer 28 of the 2nd conductivity type and the drain diffused layer 29 of the 2nd 
conductivity type are formed at the predetermined intervals, respectively from the drain 
diffused layer 30a of the 2nd conductivity type, and the source diffused layer 30b of the 2nd 
conductivity type. 

[0052] Between the drain diffused iayer 29 of the 2nd conductivity type, and the source diffused 
layers 30b of the 2nd conductivity type, And on the 1st conductivity type semiconductor 
substrate 1 between the source diffused layer 28 of the 2nd conductivity type, and the drain 
diffused layer 30a of the 2nd conductivity type, the 3rd gate oxide 22, the 2nd gate electrode 
23, and the silicon nitride film 24 are laminated in order, respectively. 
[0053]lt may be made not to form the drain diffused layer 30a of the 2nd conductivity type in 
the semiconductor device of drawing 3 (a), and the source diffused layer 30b of the 2nd 
conductivity type so that it may be shown in drawing 3 (b) 

[0054] Drawing 4 (a) - (g) is a sectional view showing each process in the manufacturing 
method of the semiconductor device of a 2nd embodiment of this invention shown in drawing 3 
(a). First, as shown in drawing 4 (a), on the 1st conductivity-type silicon semiconductor 
substrate 21 , After laminating in order the 2nd gate electrode 23 and the silicon nitride film 24 
which comprise the 3rd gate oxide 22 that constitutes the 2nd MOSFET, and polysilicon, 
Photoresist is applied on the silicon nitride film 24, and photoresist is patterned so that the 
opening of the field which forms the ditch type gate electrode which constitutes the 1st 
MOSFET on the 1st conductivity-type silicon semiconductor substrate 21 by photo lithography 
may be carried out. And by using patterned photoresist as a mask, by etching, the silicon 
nitride film 24, the 2nd gate electrode 23, and the 3rd gate oxide 22 are removed in order, and 
the surface of the 1st conductivity-type silicon semiconductor substrate 21 is exposed. 
[0055] Next, as shown in drawing 4 (b), the field which the surface of the 1st conductivity-type 
silicon semiconductor substrate 21 exposed is etched, and a mask alignment is not performed 
to the 2nd gate electrode 23, but a slot is formed in self align. 

[0056]Next, as shown in drawin g 4 (c), heat the 1st conductivity-type silicon semiconductor 
substrate 21 in which the slot was formed, it is made to react to an oxidation seed, and a 
sacrificing oxide film is formed on the surface of a slot As for the thickness of this sacrificing 
oxide film, about 50 nm is desirable. Then, the sacrificing oxide film formed on the surface of 
the slot is thoroughly removed by immersing the 1st conductivity-type silicon semiconductor 
substrate 21 in which the slot was formed in a fluoric acid (HF) solution. Then, in [ heat again 
the 1st conductivity-type silicon semiconductor substrate 21 in which the slot was formed, and ] 
the surface of the 1st conductivity-type silicon semiconductor substrate 21 , Gas, such as 
SiCIH 2 containing silicon (Si), and gas, such as N 2 0 containing oxygen, are made to react, Or 
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gas, such as SiCIH 2 containing silicon (Si), and fluids, such as H 2 0 2 , are made to react, and 
the 1st gate oxide 25 is formed on the surface of a slot. 

[0057]The 1st gate oxide 25 is obtained from the following reaction formula, for example in a 

high temperature state by the CVD (Chemical Vapor Deposition) method. 

[0058] 

SiCIH 2 +- the thickness of the 1st gate oxide 25 of 2N 2 0 -> SI0 2 +2N 2 +2HCI, When all the 

thickness of the gate oxide formed on the surface of a slot in a manufacturing process is about 
5 nm, it is desirable that it is one half of about 2.5 nm of all the thickness of gate oxide. 
[0059]Next, by heating further the 1st conductivity-type silicon semiconductor substrate 21 in 
which the slot was formed supplying an oxidation seed from oxidizing atmosphere gas as 
shown in drawing 4 (d), The silicon (Si) and the oxidation seed of an inner surface of a slot 
which were covered by the 1st gate oxide 25 in the 1st conductivity-type silicon semiconductor 
substrate 21 are made to react, and the 2nd gate oxide 26 is formed in the inner surface of a 
slot. The 2nd gate oxide 26 is formed between the inner surface of a slot, and the 1st gate 
oxide 25. In this case, as for the cooking temperature of the 1st conductivity-type silicon 
semiconductor substrate 21 , it is preferred to use Dry 0 2 for 800 ** - 1100 **, and an oxidation 

seed. When ail the thickness of the gate oxide in which the thickness of the 2nd gate oxide 26 
is also formed on the surface of a slot in a manufacturing process is about 5 nm, It is one half 
of about 2.5 nm of all the thickness of gate oxide, and, as for the film parameter of the 
thickness of the 1st gate oxide 25, and the thickness of the 2nd gate oxide 26, it is desirable 
that it is about 1:1. the 1st conductivity-type silicon semiconductor substrate 21 to which the 
2nd gate oxide 26 approached the slot of the lower part of the 3rd gate oxide 22 by this when 
forming the 2nd gate oxide 26 in the inside of a slot - and, it controls oxidizing the 2nd gate 
electrode 23 that comprises polysilicon close to the upper slot of the 3rd gate oxide 22, and the 
thing close to the thickness fang furrow part side of the 3rd gate oxide 22 which it is alike, it 
takes and is become thick one by one is prevented. 

[0060]Here, the reason for making almost equal the film parameter of the thickness of the 1st 
gate oxide 25 and the thickness of the 2nd gate oxide 26 is explained. Since it deposits on the 
surface of the silicon substrate inside a slot, the 1st gate oxide 25 has the comparatively stable 
situation of membrane formation of an oxide film to the plane direction of the surface of a 
silicon substrate, and the state of surface roughness, but its associative strength of the oxide 
film itself may be weak. On the other hand, in order that the 2nd gate oxide 28 may deteriorate 
the silicon surface of the silicon substrate inside a slot in the presentation of an oxide film 
directly, the associative strength of the oxide fiim itself is strong, and it excels in the interfacial 
characteristic with a silicon substrate, but the state of the plane direction of the surface of a 
silicon substrate, etc. has a tendency for a membrane formation state to be easy to be 
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influenced. For this reason, by making thickness of the 1st gate oxide 25, and thickness of the 
2nd gate oxide 28 into the almost same thickness, and forming the gate oxide 25 and 28 in a 
slot, While the associative strength of the oxide film itself becomes strong, respectively, as for 
the gate oxide 25 and 26 of a slot, a membrane formation state will be hard to be influenced in 
the state of the plane direction of the surface of a silicon substrate, etc., and thickness 
difference will stop producing it in the side and the bottom of a slot. 

[0061]Thickness of the gate oxide of the slot of MOSFET manufactured is made the range of 
1-20 nm by the requirement specification of MOSFET. 

[0Q62]Next, while embedding the 1st gate electrode 27 that comprises polysilicon to the inside 
of a slot so that the 1st gate oxide 25 inside a slot may be covered as shown in drawing 4 (e), 
the 1st gate electrode 27 that comprises polysilicon also on the silicon nitride film 24 is 
laminated. 

[0063]Next, as shown in drawing 4 (f), the 1st gate electrode 27 and the silicon nitride film 24 
which comprise polysilicon on the 1st conductivity-type silicon semiconductor substrate 21 are 
received, Anisotropic dry etching or CMP (Chemical Mechanical Polishing: chemical 
mechanical polishing) is performed, and while removing the 1st gate electrode 27 laminated on 
the silicon nitride film 24, flattening also of the silicon nitride film 24 is ground and carried out. 
Dry etching removes the polysilicon which constitutes the 1st gate electrode 27 of fields other 
than a slot. At this time, the 1st gate electrode 27 embedded in the slot is removed from the 
opening of a slot by predetermined Mr. Fukashi. Then, to each side attachment wall which 
counters mutual [ from which the 1st gate electrode 27 of the slot was removed ], as an arrow 
shows, the ion implantation of the impurity is carried out from the slanting upper part. 
[0064]By this, as shown in drawing 4 (g), a slot inner surface to each field which counters 
mutual [ in the 1st conductivity-type silicon semiconductor substrate 21 in the thickness of the 
1st gate oxide 25 of a wrap, and the outside of the 2nd gate oxide 26 ]. The drain diffused layer 
30a and the source diffused layer 30b of the 2nd conductivity type from which a conductivity 
type differs are formed in the 1st conductivity-type silicon semiconductor substrate 21, 
respectively. Then, the 3rd gate oxide 22, the 2nd gate electrode 23, and the silicon nitride film 
24 of both sides of a slot carry out the ion implantation of the impurity to the pan of the field 
laminated in order to each outside field, respectively. Thereby, the drain diffused layer 29 of 
the 2nd conductivity type with which conductivity types differ, and the source diffused layer 28 
are formed in the both sides of the laminating region of the 3rd gate oxide 22, the 2nd gate 
electrode 23, and the silicon nitride film 24 in the 1st conductivity-type silicon semiconductor 
substrate 21 , respectively. In order to carry out the ion implantation of the impurity in drawing 4 
(e), polysilicon is embedded into the portion removed from the opening of the 1st gate 
electrode 27 fang-furrow part by predetermined Mr. Fukashi, and it is formed to near the 
opening of a 1st gate electrode 27 fang-furrow part. The source diffused layer 28 and the drain 
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diffused layer 29 of the 2nd conductivity type on the 1st conductivity-type silicon semiconductor 
substrate 21 may be formed before forming a slot in the surface of the 1st conductivity-type 
silicon semiconductor substrate 21. 

[0065]this prevents the thing close to the thickness fang furrow part side of the 3rd gate oxide 
22 of the 2nd MOSFET which it is alike, it takes and is become thick one by one, and the 2nd 
MOSFET with the good drive characteristic is obtained. The 2nd MOSFET The drain diffused 
layer 29 of the 2nd conductivity type, the 2nd gate electrode 23, the source diffused layer 30b 
of the 2nd conductivity type, And it comprises the source diffused layer 28 of the drain diffused 
layer 30a of the 2nd conductivity type, the 2nd gate electrode 23, and the 2nd conductivity 
type, and the 1st MOSFET comprises the source diffused layer 30b of the drain diffused layer 
30a of the 2nd conductivity type, the 1st gate electrode 27, and the 2nd conductivity type. And 
the 2nd MOSFET that comprises the source diffused layer 30b of the drain diffused layer 29 of 
the 2nd conductivity type, the 2nd gate electrode 23, and the 2nd conductivity type and the 1st 
MOSFET, The source diffused layer 30b of the 2nd conductivity type is shared, and, as for the 
2nd MOSFET that comprises the source diffused layer 28 of the drain diffused layer 30a of the 
2nd conductivity type, the 2nd gate electrode 23, and the 2nd conductivity type, and the 1st 
MOSFET, the drain diffused layer 30a of the 2nd conductivity type is shared. 
[0066]Thus, in the drain diffused layer 30a and the source diffused layer 30b of the 2nd 
conductivity type which are the fields (electrode) shared, since it is connected, the 1st 
MOSFET and the 2nd MOSFET become advantageous to minuteness making, when forming 
many memory ceils etc. on a semiconductor substrate. 

[0067]Drawing 4 (a) Although the manufacturing process of the semiconductor device shown 
in drawing 3 (a) was shown in - (g), the semiconductor device shown in drawing 3 (b) in which 
the drain diffused layer 30a of the 2nd conductivity type in the semiconductor device of 
dra wing 3 (a) and the source diffused layer 30b of the 2nd conductivity type are not formed can 
be manufactured similarly. 

[0088]MOSFET of the semiconductor device shown in drawing 3 (b), it has the drain diffused 
layer 29 of the 2nd conductivity type, the source diffused layer 28 of the 2nd conductivity type, 
the 2nd gate electrode 23, and the 1st gate electrode 27, The 2nd MOSFET that comprises the 
source diffused layer 28 of the drain diffused layer 29 of the 2nd conductivity type, the 2nd 
gate electrode 23, and the 2nd conductivity type, it will be in the state of multiple connection 
and either each 2nd gate electrode 23 and the 1st gate electrode 27 will function as the 1st 
MOSFET that comprises the source diffused layer 28 of the drain diffused layer 29 of the 2nd 
conductivity type, the 1st gate electrode 27, and the 2nd conductivity type as a selector gate. 
Therefore, a memory cell or a shift register can be formed by repeating and producing the 
composition of MOSFET in the semiconductor device shown in dr awing 3 (b) on a 
semiconductor substrate. 
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[0069] 

[Effect of the lnvention]As for the semiconductor device of this invention, a slot is formed on 
the 1st conductivity type semiconductor substrate, It has the 1st MOSFET by which the source 
diffused layer of the 2nd conductivity type and the drain diffused layer of the 2nd conductivity 
type were formed in the both sides of the slot where the 1st gate electrode was embedded via 
the insulator layer to the inner surface of the slot, and the 1st gate electrode was embedded, 
respectively, By laminating the insulator layer formed in the inner surface of a slot in order of 
the 1st gate oxide and the 2nd gate oxide, and constituting it, When forming gate oxide in the 
inside of a slot, while keeping the thickness of gate oxide from producing thickness difference, 
it can also control oxidation of the 1st conductivity type semiconductor substrate in the side 
and the bottom of a slot. 



[Translation done.] 
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' IF f", i .ilW.ifi ItS * 

mm$£tih y- hmmmmzM ix, 1 3 o~ 

1-v*frk LTfcflH"* MO S F ETOHmttMlft 

[oo23]*fc,H6(f) tejs-f® 2 cvfcmm- 

ti. TiSttOlS 1 illy U 3 y¥$#«4 1 <0«M 
titC»ft$iXfc» 2 MOSFE TW» 2 y- Mt®4 40 
3 (c*f aa^«fc»J*Sil 

^^swrtSBt. gftsftt: x m i y- mmjm 5 1 

MU *W±fcSSiy-h«S4 6 fcfc 
J; 0» 1 MO S F ETtfB&£tlX\^& . 1 

6 ( c ) t^-tj; o as^tm i y- hmm4 5 

£ mm S B5K , SB 1 h IM 4 5 2^-hS 
«4 2 tf9T#£7>3§iH5{cSSi LftSI 1 »«My >J a y* 

»*s«4 i .. mxf. miy-hMitm 2<n±3m 

r-i»-irlC^I -'fef S2HOSFET 50 



^tccmm< * o® 2 mo s f e T<rmnm&%it 

[0024] *SKBtt. is?) J: 3 ^SH^^tl) t>0) 
[0025] 

xm. wmmmtz. mmitixmny-v 
w&msb&tti. im i <ny- wmtfwmztitc 

mm.ff> y w ymMtfthrmmztitzw, 1 com 

O S F E T JltmWft T , K>lSi?«0R® 
5 ft-fefmiii . S5 1 h BMtJfi fc % 2 y- h 

is^fc mmmmp.xm&*h.x^& i t 

{00 26] |trfS»lOM0SFET<7)m22Sia<?)y 

4 teJ4» 2 iHBHo k u ymmv&% < 

kl-JiZl&rt&XoiZ^ »2OM0SFET^K(t 
^j-ltfcO. l$m2WMOSFET(i v IS^IOMOS 
F E T fc 2Wf ■& * 2 V ~ 4 ft {i» 2 

2mm<r>v-xmmttdm2mm<o hh 

«M^*««±^2(7)y- hvmm^hx^ 
h. 

[0027] Mm 1 OMOS F E TWf^SI 1 
itT % 2 #m^o y - xraHfe J: t s IS 2 *'4¥<0 F V 

4 y^mmmtL^mm^x. mmmmemmiz 
iwhim i mim* : mmm.izm2c?)y- vnw/ 

*ti?tWf&.Zi\X^h. 

[00283 mm 1 y~ MJMkR<0«tWfcSB2 V- h 
KftKWJBfftOjJWlt* 5 . iM'l : lTfti. 

[00293 fnem i y- mjmurh:. y v a y**tt 

& y y n y n^f t ^Rjfifc i -> T «j£ S fih . 
[00 30 3 ^BJ^o^^lioKt^ii^ ^ i ^ 
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- vmmmm-h-mt . wm 1 y- mmjusJ: 
mm 2 y- v mm&nwiizB&znizwm<?>m 

mm 1 rnm*m#msLh£. tm 1 

c t mumnm &®2 wmv v-xmma x tm 

_ * W 1 ' ~ r.. * > I i Igfc. 
[003 1 ] fjldfS 1 t- Rf UKti . CVDSCio 

[0032] 

[0033] 01 !i, -imwm 1 ^Mflt^Sf- 

a i areffli/ y 3 i ±<o0r€<otiii 

mmtixmm^ii.. miy-hmtmnxm2 
y~ v mm 5 #*ft«uwwwi s*vo*. mi 

y-MMfcK4±tU, sKUS^»J n !-* 

[0034] nmwmttsifim i sras^'j 3 

1 ±»KU\ ffi 1 'J 3 y#m#£& 1 

fc tt*«£*>jt& 1® 2 mmm.cn v u -r vsm* stjj: 
2 swsio v -mm 1 mti^tm^fixa 

9 , SS 2 K U 4 yffil&l 8 ±fe i 2 &«s 

<z> v - mm 7 ± tn . i/ y a 2 a^-m 

[ 0 0 3 5 ] 02 ( a ) - ( h ) tt s *»BfloSi 1 <rm 

[0036] £?, 02 ( a ) izifrtX 3 1, S 1 

j >„,H ( < 3iL, i ( s. - - 

0 nmSSfly'J 3 y&f Ljffi 2 fc , S3 10 0-200 
n mgl«y U r? y»ftK 3 t £ **l«U8#Kfltl L 

U ythOVyyy 4-izX-oX, ^l#tiy'j3 

v*! 8 **** i ±izmwy- h*&mm-&mm 

i&* u mi «gay u 3 y»« 1 <nmit&& 

$«. 

[ 0 0 3 7 ] &k, 02 ( b ) iz*tx 1 mm ttz 

m 1 ItSy'J n 1 «|x 7 fy/L 

T\S*10 0~500n m<0r|gf£?gj£t6 . 
[0038] 02 (c) t^f i: 3 C, mUfrB 
tiLZtitz® 1 illy y 3 y^WfcSS 1 *JM*L , Wt 



(5) ftffi 2003-69010 

8 

fl«J:RJB$-»i-Cai»»rt*t, W3 5-3 0 nm^)* 
SSHbttfrWrtW-*. -c0^4S8fbM^JSSii. 50n 

s ^ y 3 yw^is i s- 7 .y s ( h f ) iwmzmmt 

^zmcth. ^cm. wsl. mmm&ZMzmim 
«sxU3 y*m»mm inmx. mi mmw ? 
y*mmmiammzi5ux. wziy (s i > 
#tssi c i Hzwntfxt&mz&tsNt ommz 

10 tS:RlB$-lfC. *3tU. y-Uny (S i ) £#TtS 
S i C ] H2^^XfcH2 0 2 t¥(?)?g*i:S:RJ£$€ 

[ 0 0 3 9 ] S 1 hBKId»4 !i, Mitf C V D ( C 
hemical Vapor Deposit i on) S 

izx*). nmmiza^x. Komxxvmtiz. 

[0040] 

S i C 1 H2 + 2N2O -» S i O2 + 2N2+ 2HC 1 

m 1 y- vmmAammi. mmmza^xmm 

20 y-Ymm<r)±Wf-<F>l/2<r)2. 5nm 

[ 0 0 4 1 ] mz, m 2(d) >,zfrstx 3 $ fee. 

fe* 1 WSi/ U n y^ft^M 1 S-anJfe-rfci fc K J: 

u , * 1 ?rts^ y 3 y^»#«« 1 mm iy-hm 
im'uzxmhiimmmcoyv-zy ( s i ) m 

itMt ^KJiES-tirT . *gK£7)rtffle»2 MWtJ»5 

*ffMi-i> . %2 y- vmtm \t, mmmtmi 
y- v mm 4 1 mizw®. $ *i 6 . £ , » 1 « 

30 «Bi/ U a 1 cOjDfiaSii: 8 0 0 °C~ 1 1 

0 0*C, KflSBKIi. Dry 0 2 tttfflt* - ktfm 
tv\ *7t. m2 y-hgg«5co,K.*i». SUtXSfc 

5 n rngjKTJ) * *1# , T — h U?0£J«ff «7) 1 / 2 
«2 . 5 n mMtS 0. S8iy- hKflJR4^«JIi: 
35 2 h BHhBS 5 <0«t»i: coffllffJt^JaJir 1 : IXh 

[ o o 4 2 ] r it. m i y- b mm4 nmtm 2 
y- mum 5 nwrtnwnt&imf 1 < 
40 tmw* . « 1 y- h®m4 (4. «gg«i*]-gg«m 1 

fft 1 mmmy y 3 1 om^wMiaxv 

£ LT V *\ ^« a^cO^Tj^'ISt wism h . 

*2y-M!MtlH5J±, ^W^^IjSIM 
y'j3y^MSii?)yij3y», a*, S^LK 

<. yy3>s«fcw#M#tt{i:»iToi>^\ mim 
wmyj-j ymmm 1 
50 mmmwzti*??^mmi. zcot^ miy 
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( 

9 

- f mim 4 nwkB& x im 2 y- h mm 5 vmmz 
mm imw-iz lt. munizy- vmm^xx/s 

ZWm-h :ii:i-t, m®<7)r~ MWfcK4*j it^ 

fc, y y aymmmnmmmftmizmmtf 

[0043] sit $ fii. m o s f e t nm^mm&y 
- mmommi.. mosfe T«s*tt*t «t -> 

X , l~2 0nm««Hfc$<l4. 
[ 0 0 4 4 J fcfc , 0 2 ( e ) £ijcf i: '3 SC. »3W>rt 
ggcom 1 y- £« d J: ? ic. ^'Jy'Jn y*> 

y «j 3 >mm 3 ±t t # u y y 3 y*^ &i y- v% 
« 6 

[00451 02 < f ) K^rt i 3 (y « 1 

ly'ja y*mf*m i -t.«# u i •• y n y*^€i» y- 
h*i 6*m>>- U 3 >g«3 £*TLT . m-nfx Y- y 

A X -y^y/t fctiC MP (Chemi c a 1 M e c 
han i ca 1 Polishing: Yfc¥W&«F 
A) SrffoT. i/'j3ya^K3±t««Silfcy-b 
«ffi65ri^*tl» fc t tC, y U 3y^«3 tffiSl 

[0046] vi^T". n^rtt h 5 x -y f-yysrfflwc 
^mti"6^, mto&mtoa&y- hTOHottss 

[ 0 0 4 7 3 at N 02 { g ) t^i-i 5 fc N flNffgPk 
<9ffligO y- Mgffi6£ fft£t Stf'jy 'J 3 y £ K 

a yfiMLKS 

[0048] ftfc, [12 < h ) £*rf J; 3fcy SS1*B 
My >J 3 y^W(c3CK 1 _h«;K U y y 3 y#>£>i£|> y- 

h«n 6 ntafflKOHWc y y 3 ygg« 
2xi v4*y&Mz£^x7mm&mit&. zu 
iizx 'o. y y 3 ymjR 2 vt-mz . $ i ^m^y y 3 
y^»*s« 1 1 s sb 2 v -xffift* 7 a 
s:i/vu<ywim*i>, mimvmyv^ymm 

my y 3 y*^*s« 1 .toss 2 5»M«y--x« 
«7«j:i»'y>f ytetj/isii, mmwMi'Viy* 
mtmm 1 <o*ffitais&»«^-4mrt:»jfi lt t, & 

[ 0 0 4 9 ] d flic J: 0 . » 1 3§nssy y 3 y¥S$*S 

S 1 ±K, H W yfe&l 8 . y- MBffi 6 . V-^ffi 
«17 . » 1 y- h^«4 . « 2 y- MjKtK 5 
f I. M O S FETtfBtiLZtll. ;«MOS FETIi. 



) ^2003-690 1 0 

1 0 

2 y- h mm 5 mba 5 ii 4 ^ t k ± 

[ 0 0 5 0 ] 03 ( a ) fcitf ( b ) *«BHO»2 

jontt^sst h^mwm^m. mm. hi m 

E^itT^i.. 'mwm^mmaxrjmai, m 

1 y- h mm 2 5 *j i i/m 2 y- n iki^s 2 6 #«# 

) t»« S ilT V ^ . ^ 1 y- h S im 2 5 ± t li . y 
y y -jyfr^mm 1 y- h«® 2 7**»oiSiaSK£ 

[005 1 ] ?«^S5-a-3^iy™hS«2 5fcJ: 

^>f#M§2 1 rtwffl5fc«i*ii-s*ffl«t, mi 

#«Sy U 3 y¥3*flc*|£2 1 > !j#mMcO^-|>m2 

mtm<7> h y ^ 3 0a*5«k^*2 v - 

xEioi 3 0b n ^T v \h , $ t . m 

2 W K y ^ y ttM.i 3 0 a fc J: h<% 2 V 
) -xHtf 3 0 bj6»<5,Bfie«RimT»2«B!c9y-^ 

Egfel 2 8 tJ J: yf* 2 4f«Mc^) HH y SStt* 2 9*^ 

[0052] ^2*«M«Fy-f yW«2 9 35231 
^Sf^>y-XSMR13 0bfcOia. *5±V. ^2^«S 

coy-x^iti 2 8 fc m 2 mvmv f u-r y^iiii 3 o 
a fc i mmm^mfcmi 1 ±tj±, w 3 y~ h 
bm 2 2 . m 2 y- h m 2 3 . y y 3 y jmji 2 4 
^-ett-eiuw^isixTv^ . 

[00 53] W. 03 (b) tLftti^t, 03 
) ( a ) <7)^#^*l£fc»l)^2^«M^Ky-f yffits 
13 0 afc J:t«B2»«a!«V-^ttlMI3 0 b 
L%\>£o'*ZLXh£VK 

[ 0 0 5 4 ] [34 ( a ) ~ ( g ) li. 03 ( a ) CSrT 
6*Xg&^-TBrffillT'*6. i-f, 04 (a) fcSrT 

#m^y y 3 y^f^egi 2i±£. as 2 

MO S F E TSr««i-*S3 y- MJMUH2 2 , J y 

y 3 y/^KS2 y- hm®2 saxvy y 3 ygft 
M2 4 mmzmm Ltzmz, y y 3 yaMtjR2 4 ±t 

) 7* hyy-Xh^M^L, 7*hUy^97-f-KJ:9 
ss 1 WMy y 3 y^*f*fflR 2 1 ±(C» 1 M O S F E 

Si^C7^ y yx h ^s^-xy^-fl, . -f LT, 

w--yyziitzy * h y yx h-^vx^tLT. x 
■y fy/ti^t. y y 3 y k 2 4 . m 2 y- h m 

S 2 3 . 3 y- h 2 2 £ L . 9 1 « 

«syy3y-¥^«2 i<7i$m&Ribzit&. 

[005 5] mz, 04 ( b > £>7cfJ; 1 1 SMC 

sy y 3 y#*#:s« 2 1 commtfmiti Uzmm*x.v 
> -r y y lts 2 y- h mm 2 3 lt -vx 
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[0056)<Kfc, 04 (c) i'iKt-i 3 fc. 



yay#S 



tt&ts 2i*77»(hf) iswtiaaw* i 1 1 ± 
y 2 1 %im i , as i sssffi >• y 3 y 10 

112 lW^ffiKfe^T, y'Jay (S i ) ***** 
S H \ _f + - *k 

J6S*T, ifctt, yy ay (Si) Z-ktTtZ Si c 

<0*BBfc* 1 r-BMLBt 2 5 fcjBdW 4 . 
[00 57] ffi 1 t MfHUR2 5«s. Witf C V D 
(Chemical Vapor Depositio 

n) £fc«fc9, iU?^BicioV^c, <5W>RJS3U:0#$> 

[0058] 20 

SiCl I-h + 2 N 2 O -> S i O2 + 2 N2 + 2 H C 1 

ss 1 y- mm 2 scoma. 9mM£&»xm 

T*S*S^ rIMklt*)£lWc9 1/2(7)2. 5 n 
[ 0 0 5 9 ] <MC. H4 < d > fc^«t 0 fc, 

m*x mimzm i^mmw^titzm 1 * 

Iffiy y 3y»||2 1 *S^tJD3!fef*ifctJ: 

0 m 1 itsv y a 1 i^m 1 y- p 

KflJt 2 5 izxWhfitzmm^M<ryy ijny(Si) 30 
M2 6 SffM-tS . »2y- MMDS 2 6tt. itS«rt 

h k m 1 y- h mm 2 5 1 anraBA s *is . i <o« 
.. m 1 ^mMi- y 3 y^fcaas 2 1 otmmit s 

0 0t>l 1 0 0'C. iMiaitU, Dry Oi-Srffifflf 
mnmMtf 5 -n mg«T'* y- MHOS?) 

1 / 2 « 2 . 5 n maarca 0 , m 1 y- h m 

«SIW>l*]SSfc!&2 y- MHfcK2 6 *3Mf Sine , SI 

2 h BMtiK 2 6 m 3 y- h mm 2 2 ^y^t 
ascisis item mmm y u a y%mm®. 2 1 , a x 
o<, ®3y-hmw2 2cr)±3rcommzmuz*>j 
y y a yfrtMz m 2 y~ h««2 3 £BHtr* .it* 
miu %3y-h mm 2 2 «KJp^a««t:»jfit 

[00 60] ZZX\ Wtl y~ KBMfcBt 2 5 ^mftm 

2 y~ h mm 2 6 comm t commits mm i < -t& 50 



KM 2 0 0 3-69 01 0 
1 2 

atsittis-rs. miy-vmtm25n. mu^m 

mmcomma x vm&z mmizn tx v it««K 
fljt»j«Ko«ijw^c« lt ^4 mmmmit 

f*&<r>F*$&^ u 3 >-»is<?)^ u 3 . k 

S . ,1 . m 1 h K-fb.il 2 5 co 

wm-axvm 2 y- v mm 2 e mMtmm mm 

!C LT , it»l*lty- !^«2 5fcJ:tX2 6*»J*f 
iittioT. 3t&<7)^-nIHbiI2 5i>J:l>'26 

y y 3 yg«^ilsi«ffi'>/S^c7)^!cjS^W«* { » 
Sftfc < < ^ 9 . ai^ffilBStSffitfcfcv^ - MUM 

[006 1 ] Kjt$fLl»MOSFET^g{?Ojr'--KK 

2 0nm«|glit$il&. 

[0062] <Xt. 04(e) iZfptX 0 (C, »8?c7)rt 

aw* i y- h iHt« 2 s sr« •) i ^ ^ y y y a y 
*»<ijs** i y- vwk2 1 mmftmznv>mk 

t iAz, y y n yM-fkM 2 4 Bz t^yy ya y*> 

S*iy-b«i2 7tflH«-i. 
[0063] 114 ( f ) (CSttcfc 0 fc, RIM 
gy y 3 y 2 1 ±co^ y y y a y ^^Aifll 

i y—hWM2 7 ax v y y a y sMut 2 a \m 1 x . 

RfrttK^-fX-yf-y^ifcliCMP (Chemica 

1 Mechanical Pol i s h i n g : -ft'-^W 

^t-^T, yy3yg^tR2 4±t«JISii 
tcm 1 y- hfl2 7 fcM**-4 1 1 1 1 . y y n yg 
fkl»2 4t,8feLT. stt. itswafl-co 

SWfiOSB 1 >-*- hlgffi 2 7 *»«i-£^'J y y ay*: K 

as^fcSE 1 y- 2 755, its^ng?^^^ 
*<m. mu(omiy~~hmm 

2 7 im^^iuiws.iz^m h mimzn tx , 

IzX^rctX ^.tiyj^^^ttifH^-f ^-yaiX-t 
[0064] itit J: 0 . H4 ( g ) t^t J: 0 \z. m 

ummdmiy- h®m2 snmr-axt^y 
- hmm 2 6 mmizmim 1 mwm>- y a y^a 
*»2 1 rt^ffi5fcW(S]t-i>#««ic, m i«mMi^ 

yay¥iSftffiS2 1 tii»«MoS^Sm2?$m 3 l« 
K b A >Wm SOafciyy- -Xfc&l 3 0b tftil 

?tiB&zht>.. ^m, mm)mm3y~-b®it 

M2 2 . 35 2 y- h«®2 3fc «ktf y U ayMi'tl2 4 

%«r^n^'tL^ *y?±Af & . iitti D.mi mnm 
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1 3 

>• >j a y*mmm 2 1 1 \mmm%m2 mmm 

<T)YV4 VWm 2 9. V - Xttflfcff 2 8 #g 3 y— F 
BHWR22.SS2y-h*B23i3j: 1/ y ') 3 y SftR 

[534 ( e ) Kis^T^ttft^'f 3j-yftA-t6fc»t. ff 

1 y- h'iS2 7 immvtmmfrtMfewmzg. xm 
mm2 7mm^mDm^t,x-m^tih, mi 
mm 2 sax v f y a y ®mm 2 9 ji . m 1 y 

U 3yfi*S2 1 <a^ffite»»£JBtf 

[00 6 5] -ItUcJ: 0.^2 MO S F 
MBHUR2 2c0MJ¥^lMii.-«ifif S> tofiTJKJWi 
<*4£fc*l»ikU SMftfttt#£#5rm2MOSFE 
Ttff»*>*l*. SS2MOSFET**. W,2MVSl<?)¥V 

4ymm29, w>2ir~vmk23. %2mm.w 
-mm 3 0 b . a «t t>\ $ 2 *«s<?> f w y&st 

130a. »2y-MBffi2 3. «2*«S0>y-.Xtt 
ttJI 2 8*»fe««S<l s * 1 M 0 S F E T/A $2#« 

f y >r yffiicfl 3 0 a . m 1 y- f mm 2 1 . m 2 
w*s*>y-*tt*i 3 0 b *»fefliiss;h.* . ^lt. 
^ 2 h u * >m* 2 9 . » 2 y- MS 2 

3, »2iM@i^V-Xtettl3 0 b*»S.flWc3*l$* 

2 MO S F ETi; . Jf$ 1 MO S F ETtll W>2mWM 

y Jem* 3 o a , g 2 y- h mm 2 s . » 2 «s« y 

- Xfctt* 2 8 h m$L £ tit % 2 M O S F E T fc . $ 
lMOSFETfcfi.§l2 *m^tfO F u 4 yWRM 3 0 

[00 66] CltfOj: otC ^lMOSFETi:m2MO 
SFETtii. &*S;h.**« T"J>£J&2iSm 
S*>KU-f yffift«3 0 atJit^y-Xjtftl3 0 bK 

[0067] li4 (a)-(g) £14. 03 (a) fc^ 
-r^*Hl<?)MjiI^Sr^Lfe*>. 113 (a) co^m 
tti8tfctJlt**2*WStf> Kl/-f y&fft/13 0 afci 

ira 2 isms^y -» 3 0 b immux \ 

El 3 (b) CifiNMtHIt. !S3«tK^T'SS, 
[ 0 0 6 8 ] 0 3 { b ) l,Z^t¥m fomW<7)M O S F E 

T(i. ^2*«i!^) f u4 >mm 2 9 . m2msmn 
v-zmjt 2 s . %2 y- b-m 2 3 . m 1 y~ f« 

«27tr#L?i5>9. mmmff)V\s4y&M2 
9, j&2**-MM2 3. m2mmLcnV-xm.m2 
8 *• h mfSStlh m 2 M O S F E T t . £ 2 «M« F 
H >WMM29 . £ i y- F«ffi2 7 . |g2*mffi^ 

y-xsE«t« 2 8 a^flteRSiisgi 1 mo s f et t 
a . M^ssaK>«jBi t%*). ttiztwm 2 y- h mm 
2 3&£vm 1 y- hm,m2 7ff)\ym^ifimy-h 



8 ) nm 2003-69010 

1 4 

fcUT«Hgf&. tt^T. H3 (b)£^r^»«c 
WUziiiY 6MOSFE TCOffiiS. & , ^f*»JU:S;:ii 
DM X^XWmh Z k dz£ <Q . ^ t U -fe;l,4 fej±^ 7 F 

[0069] 

mwudzmmw&ZKx . zmummMmm 
zitixm i <ny- hmstfmb&tti. 1 «oy 

- F «B#if tf>j k=t i i ?c ,« ,^ i B !*sfj2 / - 

io xm&mxtfm2wm.<?> ku -f ysstti*^ fi-m 

»**nfc» 1 <0M O S F E T & LTfc 0 . il^^S 

mizmmtitzMkm.ijK miy-vwitm. m2y- 
f » f mom t*« & n-c « § iiT v > h -i 1 1 i ^ 

FKiLK«i«i¥*\ m^mmaxu&mza^x , m 

[ill] *Mfj«mi »HifiJgS|-C-#)S¥8K^lllWS 

[02 1 ( a ) - ( h ) w-e!M*»Bfl<o» i com 
wmx'htm 1 ^-r^#^«cosBi>riSGfc}ts 

[03 ] ( a ) it/ ( b ) (2. **l«l*#»«62 

i04 ] ( a > ~ ( g ) i+. ih*k*$tffim20m 
mmxhm3 (a) sc^--t-*^a«^jt^t 

[05 3 ( a ) - ( g ) (±. *tiwme>¥m#&9. 
30 0lBt^t:att4#istjiTfBfiiiHTft*. 

[06 3 ( a) - ( f > ttiftiv&nmy-mi* 
mnwkmAzti it €> #isj mvmmxh i . 

1 $ 1 #«M¥#f4^ 

2 yyay^ft^ 

3 x'jsySfLK 

4 »iy-MWtR 

5 »2y-MWt«( 

6 y- mi 
40 7 y-xsHKJi 

8 FF^yffiill 

21 mimm*m#m. 

22 tasy-hwtm 

2 3 m2y'-F«fii 
2 4 S/'jnySfcBS 

2 5 miy-FSM 

2 6 Sg2y-FBS« 

2 7 »iy-F«s 
2 8 y-x&syf 

S3 2 9 F y 'f yffigjUB 
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1 5 

30a Fi/.fy ftftjg 
3 0bV-*i£ttJ! 

31 mimmm^m^m. 

3 2 i/'JrjyStffcffi 

3 3 v U 3 y'Mi\M 

3 4 y-hBMtJR 

3 5 y'-Hi 
3 6 

3 7 KU-fyffifd 
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